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振(localized surface plasmon resonance), 进而增强纳
米间隙中的局域电磁场. 这就为运用表面增强拉曼光
谱(surface-enhanced Raman spectroscopy, SERS)[10]这
一高检测灵敏度检测方法实现对单MJ的结构进行测
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量创造了条件. 2006年田等[11]将机械可控断裂结法






















equilibrium Green’s function, NEGF)结合密度泛函理论
方法(density functional theory, DFT)、主方程方法
(master equation)[18]和随机含时(流)密度泛函理论方法
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为“源极吡啶环” (source ring, S-ring), 另一个吡啶环
记为“漏极吡啶环” (drain ring, D-ring). 自由分子的
BPy振动模也可近似为两个吡啶环振动的强耦合
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从式(1)可见, 势垒越高、越宽, 透射率越小. 与此
类似, MJ的电导可近似地表示为:
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件1.0×10−5 Hartrees/Å. 频率计算中无虚频, 频率的标















































































































50 s~51 s 
56 s~57 s 




































图 3 电导和TERS同步测量. (a) 探针-BPy-Au(111)系统的时间序列电导(偏压200 mV, 隧穿电流It=5 nA), 左插图为(a)图的局
部放大图,右插图为系统电导的统计直方图. (b) BPy的TERS时间序列谱图. (c)选定的1 s区间内的电导变化曲线. (d)对应(c)图
中1 s区间内的TERS采谱[14] (网络版彩图)
























图 4 模型分子结的计算Raman光谱. 光谱使用10 cm−1 Lor-
enzian线形展宽, 入射光波长为632.8 nm (网络版彩图)
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Molecules ϕ (Hartree) β L (Bohr) G/(G0TsurfaceTtip)
Br−Au4BPyAu4Br
− 0.03145 0.10032 27.451 0.06367
Br−Au4BPyAu4Cl
− 0.03063 0.09900 27.356 0.06666
Br−Au4BPyAu4F
− 0.02947 0.09710 27.341 0.07031
Br−Au4BPyAu4FNa 0.01104 0.05943 27.092 0.19991
Br−Au4BPyAu4 0.01106 0.05949 26.967 0.20104



























B Intercept 24.22774 0.34067
B Slope −3.46257 0.09646
图 6 IRaman−1/2 vs. [ln(Tm)]2的线性拟合
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An ion-modified cluster model for studying the correlation of Raman
intensity and electric conductance of single molecule in the molecular
junction
Song-Yuan Ding*, Bin Ren, Zhong-Qun Tian
State Key Laboratory of Physical Chemistry of Solid Surfaces, Collaborative Innovation Centre of Chemistry for Energy Materials, Department of
Chemistry, College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China
*Corresponding author (email: syding@xmu.edu.cn)
Abstract: In molecular electronics, the transport properties of metal-molecule-metal junction are mainly determined by
chemical bonds between the anchoring group of molecule and the electrode lead, which is difficult to characterize at the
molecular level under ambient condition. A home-built fishing-mode tip-enhanced Raman spectroscopy was developed
to perform the single-molecule Raman spectroscopic and current-voltage measurements to reveal the structure-property
relationship of the molecular junction. Interestingly, the Raman intensities were found to be positively correlated with
the conductance. In this work, we developed an ion-modified cluster model to mimic the bias-dependent single-molecule
junction of Au electrode-4-4′-bipyridine-Au electrode. Based on this model and the energy gap of the occupied and
unoccupied orbitals of the molecular junctions, we are able to well correlate the quantities of Raman intensity and
molecular conductance.
Keywords: molecular electronics, single-molecule Raman spectroscopy, tip-enhanced Raman spectroscopy,
cluster model
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